Each sample was ground to a homogeneous fine powder, dried 24 hours at 105 to 110°C, divided into two parts, and weighed. The first part was analyzed for its total carbon content and the second part was acidified with hydrochloric acid and then analyzed for residual carbon, which is referred to as "organic" carbon. The carbon contents are reported in terms of per cent by weight, and the theoretical percentages of calcium carbonate in the sediment sample are calculated as follows: (% total C -% C after acidification) × 8.33 = % calcium carbonate (CaCθ3). However, carbonate sediments may not be composed entirely of calcium carbonate, but may include magnesium carbonate, iron carbonate, or some other carbonate, which may result in theoretical calcium-carbonate percentages greater or less than the true compositions.
The carbon determinations were made using a LECO (Laboratory Equipment Corporation) carbon analyzer which is described in detail in the LECO manual:
The LECO 70 Second Carbon Analyzer utilizes the difference in thermal conductivity between oxygen and carbon dioxide. In the method, a sample of known weight is placed in a ceramic crucible to which is added one or more combustion accelerators such as... [copper and iron metal chip]. The crucible containing the sample is then placed in a LECO High Frequency Induction Furnace within a combustion tube through which oxygen is passed.
The carbon in the sample is converted to CO2 a * temperatures in excess of 1600°C. Metal oxides either remain in the crucible or are filtered out in a dust trap while sulfur gases are absorbed in a trap containing manganese dioxide. Any carbon monoxide is converted to CO2 in a heated catalyst tube [containing a mixture of rare earth and copper oxides]. Moisture is removed in an anhydrone [trap] .
The carbon dioxide formed and the carrier oxygen are collected in a cylinder. The thermal conductivity of the gas mixtuer contained in the cylinder is measured by a thermistor-type thermal conductivity cell. The output of the thermal conductivity cell is read on a special DC digital voltmeter. With pure oxygen in the cylinder, the thermal conductivity cell is balanced to yield 0.000 output as indicated on the digital voltmeter. With the instrument thus balanced, the output of the thermal conductivity cell is indicated on the digital voltmeter and is proportional to the amount of CO2 m tne cylinder.
The cylinder is housed in a temperature controlled oven where the temperature is set above ambient to eliminate temperature variations, which would cause an unbalance of the thermal conductivity cell.
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In the conductivity cell two thermistors are placed in small cavities in a metal block. When oxygen in one cavity is replaced by carbon dioxide, which has a lower thermal conductivity than oxygen, that thermistor becomes hotter and lower in electrical resistance. This electrical resistance change is calibrated to read per cent carbon dioxide in oxygen. For detailed electronics of Model 521, see the LECO manual.
The 70 second analyzer was empirically calibrated at the DSDP shore-based laboratory with homogeneous sediment standards whose carbonate content was determined by both a DSDP chemist 2 (by gravimetrically measuring the CO2 ev°lve d fr°m the sample after treatment with perchloric acid), and by commercial laboratories. This calibration also agreed with the National Bureau of Standards Argillaceous Limestone Standard Reference Material lb and Dolomite Limestone Reagent grade calcium-carbonate determinations, however, were slightly low (total carbon low by 0.1 to 0.3 per cent). These results are similar to those of Franklin (1970) who reported values 0.1 to 0.3 per cent low when analyzing reagent grade calcium carbonate with a similar instrument. These low values appear to be related to the very fine grain size of the reagent grade calcium carbonate (van Andel, personal communication).
In order for us to measure carbon content in the sediment standards accurately and precisely with our particular industrial grade oxygen, it became apparent that the amount of copper and iron chip accelerators added to the sample must be carefully controlled. During calibration, the oxygen flow rate was set at 1.5 liters per minute and the LECO carbon analyzer was standardized with LECO Standard iron rings (one ring weighs about 1.0 gram) containing 0.070 and 0.875 per cent carbon to which 1.0 gram of copper chip accelerator (1 flatscoop) was added. Sediment standards were then burned with 1.0 gram of copper and varying weight (1.0 to 2.0 grams) of iron chip accelerator, and a direct linear variation in the apparent percentage of CaCC 3 was observed. A similar variation was obtained by changing the amount of copper accelerator added to the sample. Variations were also discernible by using a constant amount accelerator with the sample and varying the amount of accelerator added to the standard LECO rings.
The above variations are observed only when using industrial grade oxygen, but not when using ultra high purity oxygen, therefore, it appears that the variation is related to gaseous impurities. As the amount of iron chip is increased it reacts with the oxygen to form iron oxides, thus increasing the relative percentages of the gaseous impurities and introducing a blank which must be corrected for.
The blank was determined by using constant amounts of iron (1.7 grams) and copper (1.0 gram) and different sample weights (0.1 to 0.5 grams). These were then processed, and the results varied inversely to the weight of the sample. A constant blank (0.024) was subtracted from the digital readout which then allowed the correct carbon content to be determined regardless of the sample weight. These results agreed very well with the sediment standards and the LECO acid-base system, which is discussed later.
The precision of these data varies because samples within a range of 1.2 to 12 per cent carbon were 0.1 gram samples, while samples within a range of 0 to 1.2 per cent carbon range were 0.5 gram samples.
The precision of the 70 second analyzer data is as follows:
Total carbon (1.2 to 12 per cent) = ±0.2% (absolute variation) (0 to 1.2 per cent) = ±0.04% (absolute variation) Organic carbon = ±0.04% (absolute variation) Calcium carbonate (10 to 100 per cent) = ±2.0% (absolute variation) (0 to 10 per cent) = ±0.6% (absolute variation)
With a single operator and over a short period of time the standard deviation for calcium carbonate determinations between 10 and 100 per cent is ±0.2 per cent (absolute variation). However, over a long period of time (2 months) and several operators the standard deviation is about ±0.6 per cent (absolute variation). The standard deviation for calcium carbonate data between 0 and 10 per cent is about ±0.15 per cent (absolute variation).
During the processing of Leg 9 samples, the LECO 70 second carbon analyzer became inoperative. At this time, the carbon analysis was conducted using the same furnace but with a different carbon dioxide detection system: A LECO acid-base Semi Automatic Carbon Determinator. With this system the sample is also burned at approximately 1600°C, but the oxygen flow rate was 0.75 liters per minute. The liberated gas of carbon dioxide and oxygen is volumetrically measured in a solution of dilute sulfuric acid and methyl orange. This gas is then passed through a potassium hydroxide solution which preferentially absorbs carbon dioxide. The volume of the gas is measured a second time. The volume of the carbon dioxide gas is the difference of the two volumetric measurements. The temperature and pressure measurements are taken for the vapor pressure correction of the dilute sulfuric acid solutions, and the volume is then corrected to STP. A similar method is described by Maxwell (1968, p. 227) .
The acid-base method obtains correct answers for the National Bureau of Standards rock references and with our own standards. It agrees very well with the 70 second analyzer on the sediment samples and standards. It even obtains good results with reagent grade calcium carbonate, where the 70 second analyzer is slightly lacking. This may be related to the slower oxygen flow rate, which appears to allow a slightly hotter burn and lessens any tendency to blow the sample out of the crucible before it's completely burned.
About 70 samples were processed by the acid-base method and they are indicated in Table 1 by an asterisk adjacent to the carbon percentages. •7. The above methods, precision, and accuracy apply only to Leg 9 data. Values of zero per cent carbon or zero per cent calcium carbonate are not absolute and are obviously subject to our resolution or precision.
